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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain unleaded low- 
melting point solder which is also superior in ductility, 
heat resistance and wettability by improving tin-bismuth 
Sn-Bi alloy. 

SOLUTION: This solder contains tin as the main 
component, 30-58 wt.% bismuth, 5 wt.% or less silver, and 
0.3 wt.% or less germanium. This solder may also contain 
0.2 wt.% or less nickel and 1% or less copper, in addition 
to tin, bismuth and silver as prescribed above. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The "solder" which makes tin a principal component and is characterized by containing 
[ a bismuth ] germanium for silver 0.3 or less % of the weight 5 or less % of the weight 30 or 58% 
of the weight. 

[Claim 2] The "solder" which makes tin a principal component and is characterized by containing 
silver for a bismuth 30 or 58% of the weight, and containing copper for nickel 1 or less % of the 
weight 0.2 or less % of the weight 5 or less % of the weight. 

[Claim 3] The "solder" which makes tin a principal component and is characterized by containing 
germanium for silver 5 or less % of the weight 30 or 58% of the weight, and containing [ a 
bismuth ] copper for nickel 1 or less % of the weight 0.2 or less % of the weight 0.3 or less % of 
the weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention does not have pollution without 
starting the "solder" used in metal junction of electronic equipment, especially containing lead, 
and it relates to eco-friendly "solder." 
[0002] 

[Description of the Prior Art] In case it joins by solder in electronic equipment etc.. while a 
"solder" has a desired virtual junction temperature, to excel in that the wettability at the time of 
junction is good and ductility, thermal-fatigue intensity, and corrosion resistance is demanded. 
Moreover, a "solder" is wanted not to contain lead from the consideration on environment. As 
conventional "solder", it is tin. - Lead Sn-Pb An alloy, tin - Silver Sn-Ag An alloy, tin - 
Antimony Sn-Sb An alloy, tin - Bismuth Sn-Bi A system alloy etc. is raised. 
[0003] 

[Problem(s) to be Solved by the Invention] Typical tin - Lead Sn-Pb Since 63Sn-37Pb 
(eutectic-temperature 183 **) which is an alloy contains lead, it causes lead pollution and is not 
eco-friendly. When "joining by solder" an electronic instrument by solder, in order to use two or 
more kinds of equipment from which virtual junction temperature differs constitutionally of 
"solders" over multiple times and to guarantee the reliability of semiconductor parts further, the 
thermo-cycle endurance to near peak temperature 1 25 ** is required for semiconductor parts. 
[0004] 63Sn-37Pb Sn-Ag which is the typical lead free solder replaced with an alloy (eutectic- 
temperature 183 **) An eutectic temperature an alloy It is 221 degrees 0 (3.5 weight % silver), 
and is Sn-Sb. Melting temperature about an alloy It is 232-245 **. With a lead free alloy, this has 
high melting temperature, at the time of soldering work, may heat electronic parts too much and 
may do an injury. Therefore, a melting point is Sn-Ag as lead free solder. An alloy and Sn-Sb It is 
lower than an alloy and the solder of low melting temperature which can be soldered without 
these alloys' fusing, when soldering with which it sets like an assembler and virtual junction 
temperature differs is needed is needed. 

[0005] Sn-In which is a lead free-lancer and added the indium by using tin as the base as a low 
"a solder" of melting temperature The alloy is examined. Sn-In The eutectic point an alloy It is 
118 degrees C. Bi-In which is the low temperature "a solder" of the lead free-lancer of further 
others The eutectic point of an alloy is 75 degrees 0. A lead free-lancer's low temperature "a 
solder" mentioned above has heat-resistant too low temperature. Tin - Bismuth Sn-Bi 
Sn7.5Bi2AgO.5Cu which is one of the system alloys Melting temperature is 200-220 **, and an 
alloy requires 240-250 ** as a virtual junction temperature, and produces it in the case where 
heat electronic parts too much for this reason, and an injury is done. Moreover, Sn7.5Bi2AgO.5Cu 
Depending on parts, ductility is low, there is a problem on processability or intensity, the solid- 
liquid coexistence field of the liquidus line/solidus line may produce the concentration 
segregation of a bismuth widely further at the time of junction, and what contains a bismuth 
several% like an alloy may produce ablation. 

[0006] Drawin g 1 is conventional tin. - Bismuth Sn-Bi It is the diagram showing Bi addition (% of 
the weight) dependency of elongation (%) per system alloy. O in drawing — Sn-Bi The 
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characteristic point which an alloy shows, the characteristic point an Sn-Bi-Ag alloy indicates <> 
to be, and a mouth are characteristic points which a Sn-Bi-Sb alloy shows, the rate of strain in 
elongation measurement — 0.2 %/s it is . Sn-Bi The ductility of an alloy (O) will be dwindled 
towards eutectic composition (Bi58 weight %), if it passes over increase and a peak with Bi 
addition. The melting point in eutectic composition It is 139 degrees C. Bi 30-50 At the range of 
weight %, it is Sn-Bi. The elongation of an alloy is 50-90 %. Sn-Ag Elongation is 20-30 %. and an 
alloy (3.5 weight % silver) is a lead free-lancer's tin. - Bismuth Sn-Bi When it takes into 
consideration that Sn7.5Bi2AgO.5Cu (melting temperature is abbreviation 200 degree C) which is 
a system alloy is extended, and 10% is shown, it is Sn-Bi in the range of Bi30-50 %. The 
elongation of an alloy is fully large. This is Sn-Pb. It is the ductility of a "solder" and equivalent 
level. The ductility of an Sn-Bi-Ag alloy «» is Sn-Bi at the range of 30 to 58 % of the weight of 
Bi(s). Although there is an inclination to fall from an alloy (O), it turns out that it is still large fully. 

[0007] It is Bi to Sn 30 or Sn-Bi added 58% of the weight Although ductility of an alloy is good as 
mentioned above, it is known that melting temperature is also still lower. They are Sb and Ag 
further about such Bi to 30 or the Sn-Bi alloy included 58% of the weight. Or Sn-Bi obtained 
when germanium was added The thermal resistance (even inside creep property) of a system 
alloy improves. However, when adding the inside Sb and germanium of Sb, Ag, or germanium, 
wettability was bad, and when adding Ag and germanium, thermal resistance had the problem that 
wettability was not clear, although improved. 

[0008] the point above-mentioned [ this invention ] — taking an example — ** — the purpose - 
- the low melting point — ductile good tin-bismuth Sn-Bi the lead which improves an alloy and is 
excellent in the top where the melting point is low and ductility is good also at thermal resistance 
and wettability — it is in offering the free low melting point "a solder" 
[0009] 

[Means for Solving the Problem] the above-mentioned purpose — eye the first — invention — if 
it depends, tin will be made into a principal component, and it is attained by containing [ a 
bismuth ] germanium for silver 0.3 or less % of the weight 5 or less % of the weight 30 or 58% of 
the weight According to the second invention, tin is made into a principal component, and it is 
attained by containing silver for a bismuth 30 or 58% of the weight, and containing copper for 
nickel 1 or less % of the weight 0.2 or less % of the weight 5 or less % of the weight. 
[0010] According to the third invention, tin is made into a principal component, and a bismuth is 
attained by containing germanium for silver 5 or less % of the weight 30 or 58% of the weight, and 
containing copper for nickel 1 or less % of the weight 0,2 or less % of the weight 0.3 or less % of 
the weight. Tin is made into a principal component and it is a bismuth 30 or tin-bismuth Sn-Bi 
contained 58% of the weight Melting temperature an alloy ** [ there is no 140 ] Sn-Bi which is in 
nearly 180 degrees C and added other metallic elements A system alloy turns into a "solder" of 
the low melting point. 

[001 1] Tin is made into a principal component and it is 30 or tin contained 58% of the weight 
about a bismuth. - Bismuth Sn-Bi The ductility of a system alloy is Sn-Pb. They are a "solder" 
and equivalent level. Tin is made into a principal component and it is 30 or tin contained 58% of 
the weight about a bismuth. - If Ag. germanium, and nickel and Cu are added at a predetermined 
rate into a pith mass Sn-Bi alloy, in addition to a melting temperature property or ductility, good 
"solder" of heat-resistant and wettability will be obtained further. [ Ag. germanium, Ag, nickel 
and Cu, or ] . 
[0012] 

[Embodiments of the Invention] A "solder" is Sn, Bi. Ag. germanium, nickel, and Cu. Each raw 
material can be dissolved and prepared in an electric furnace. Each raw material is purity 99.99. 
The thing more than weight % was used. Sn is a principal component among "solder" 
components. For BI. 30 or 58 % of the weight or less, and Ag are 5. Below weight % and 
germanium are 0.3. Below weight % and nickel are 0.2. Below weight % and Cu are 1 . Below weight 
% is added. Alloy composition makes Sn a principal component and is Bi30, or 58 or less % of the 
weight and Ag5. Below weight % and germaniumO.3 The thing containing below weight %, They are 
Bi30, or 58 or less % of the weight and Ag5, using Sn as a principal component. Below weight % 
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and nickelO.2 Below weight % and Cul The thing containing below weight %, They are Bi30, or 58 
or less % of the weight and Ag5, using Sn as a principal component furthermore. Below weight % 
and germaniumO.3 Below weight % and nickelO.2 Below weight % and Cul Below weight % is 
included. 

[0013] An example tensile strength examination is the diameter of 3mm. A test piece is used and 
it is hauling speed 0.2 %/s. It carried out in the room temperature. Moreover, in order to 
investigate thermal resistance, an isomorphismHike test piece is used, and it is 2 0.2kg [/mm ] 
load stress. The deformation resistance of a creep was measured. Meniscography estimated 
wettability. The result which got wet and measured the force is [ an Sn22Bi alloy system or / 
tensile strength, elongation, a creep deformation resistance, and ] Table 1 per Sn43Bi alloy 
system as an example. It is shown. 

0014] 

Table 1] 
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It is 2 to an Sn43Bi alloy. Sn43Bi2Ag which added Ag of weight % It turns out that an alloy is 
compared with an Sn43Bi alloy and tensile strength, thermal resistance (creep deformation 
resistance), and wettability are improved. A heat-resistant improvement is understood from the 
creep deformation resistance being small. Sn43Bi2Ag Sn43Bi2Ag0.05germanium which added 
germanium further 0.05% of the weight into the alloy An alloy is Sn43Bi2Ag. It compares with an 
alloy, wettability improves notably, and both tensile strength and thermal resistance (creep 
deformation resistance) improve further. 

[0015] Sn43Bi2Ag It is further 0.5 to an alloy. Weight %Cu and 0.1 Sn43Bi2Ag0.5Cu0.1 nickel 
which added weight %nickel An alloy is Sn43Bi2Ag. It compares with an alloy, and although 
wettability falls a little, both tensile strength and thermal resistance (creep deformation 
resistance) improve further. Although it is expected that the thermal resistance of an alloy 
increases since nickel has oxidation resistance with a high-melting point when nickel is added, 
since it is thought that nickel forms Bi and an intermetallic compound, ductility decreases 
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sharply. Sn43Bi2Ag0.5Cu0.1 nickel Cu which forms nickel and the solid solution in an alloy was 
added with nickel, and the ductile fall is suppressed. 

[0016] Sn43Bi2Ag It is 0.05 more % of the weight germanium and 0.5 to an alloy. Weight %Cu and 
0.1 Sn43Bi2Ag0.05germanium0.5Cu0.1 nickel which added weight %nickel An alloy is Sn43Bi2Ag. It 
compares with an alloy, wettability is improved by ****, and both tensile strength and thermal 
resistance (creep deformation resistance) improve further. 

Sn43Bi2Ag0.05germanium0.5Cu0.1 nickel The wettability of an alloy is Sn43Bi2Ag0.05germanium. 
It is almost equivalent to an alloy. 

[0017] Next, Sn58Bi2Ag0.5Cu0.1 nickel The result investigated about the wettability at the time 
of adding germanium is shown in drawin g 2 . With meniscography, it evaluated by 210 ** using 
the copper of 1mm phi. When the improvement effect was clearly accepted to 0.3 % and the 
wetting force exceeded 0.3 % as a germanium addition, it got wet and the force declined rather 
from initial value. The oxide film by germanium is formed too much, and this is considered to be 
because for junction nature with copper to fall. 
[0018] 

[Effect of the Invention] According to the first invention, it is new Sn-Bi. Since a system alloy 
makes tin a principal component and contains [ a bismuth ] germanium for silver 0.3 or less % of 
the weight 5 or less % of the weight 30 or 58% of the weight, the low melting point "a solder" of 
the lead free-lancer who is further excellent in tensile strength, thermal resistance, and 
wettability in addition to ductility is acquired. 

[0019] Moreover, according to the second invention, it is new Sn-Bi. Since a system alloy makes 
tin a principal component, and silver is contained for a bismuth 30 or 58% of the weight and it 
contains copper for nickel 1 or less % of the weight 0.2 or less % of the weight 5 or less % of the 
weight, the low melting point "a solder" of the lead free-lancer who is further excellent in tensile 
strength, thermal resistance, and wettability in addition to ductility is acquired. In a bismuth, 
since a new SnIBi system alloy makes tin a principal component according to the third invention 
furthermore, and germanium is contained for silver 5 or less % of the weight 30 or 58% of the 
weight and it contains copper for nickel 1 or less % of the weight 0.2 or less % of the weight 0.3 
or less % of the weight, the low melting point "a solder" of the lead free-lancer who is further 
excellent in tensile strength, thermal resistance, and wettability in addition to ductility is 
acquired. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

ITInis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Conventional SUZU bismuth Sn-Bi Diagram showing Bi addition (% of the weight) 
dependency of elongation (%) per system alloy 

[Drawing 2] Sn-Bi Diagram showing the effect of germanium addition (% of the weight) over the 
wettability of a system alloy 



[Translation done.] 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
daaages caused by the use of this translation. 

1 Tliis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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